Abstract − We propose a cable braid electromagnetic penetration model that is based on first-principles and is derived strictly from the geometrical parameters of the cable in question. We apply this formulation to the case of a onedimensional array of wires, which can also be modeled analytically via a multipole-conformal mapping expansion for the wire charges and is extended by means of Laplace solutions in bipolar coordinates. Both electric and magnetic penetrations are analyzed, and comparisons are performed between results from the first principles cable braid electromagnetic penetration model and those obtained using the multipole-conformal mapping expansion method. We find results in very good agreement when using up to the octopole moment (for the first principles model), covering a dynamic range of radius-to-half-spacing ratio up to 0.6. These results give us the confidence that our first principles model is applicable to the geometric characteristics of many commercial cables.
INTRODUCTION
Protecting a device from coupling of an external electromagnetic environment through a cable shield is at times a formidable task. Shielded cables are usually modeled through canonic parameters [1] [2] [3] [4] [5] [6] [7] : the per-unit length transfer impedance formed by the inner conductor and the cable shield. We investigate a first principles multipole-based cable braid electromagnetic penetration model [5, 6, 8, 9] that delivers results based on the geometrical parameters of the cable in question. As a preliminary test case, we employ this first principles model to a canonical geometry, namely a one-dimensional array of wires, which can also be modeled analytically via a multipole-conformal mapping expansion for the wire charges and extended by means of Laplace solutions in bipolar coordinates [10, 11] .
ELECTRIC PENETRATION OF A ONE-DIMENSIONAL ARRAY OF WIRES
A basic canonical periodic shield problem is represented by an array of cylinders [12] . For cylinder radii small compared with the spacing, simple approximate solutions to this problem can be found [3, 13, 14] . In the first principles method, we consider the effects of line multipole additions to the simple filament approximation in representing the elements of a one-dimensional array of wires shown in Fig. 1 . We also construct a simple and accurate uniform approximation using the simple conformal mapping filament approximation, along with the decay factor from the solution to Laplace's equation in bipolar coordinates [11, 15] . We investigate general ratios of wire radius a to wire half spacing w and compare the first principles solution to the bipolar solution approximation of the wire array transfer elastance (the inverse of capacitance [14] ). 
when a plane field from below drives the array. For closely spaced cylinders, the attenuation resulting from the region between cylinders is difficult to represent by means of the multipole expansion. To treat this problem, a "smoothed" conformal transformation was used [14] , leading to ( ) ( ) . The "smoothed" solution is a good approximation to the cylinder only when the conductors are not in close proximity. We construct an accurate approximation to the elastance using a solution to Laplace's equation in bipolar coordinates [15] which holds for all ratios of radius to spacing and is given by [11] ( ) ( The first principles penetration model is based on electric multipoles. We determine 
MAGNETIC PENETRATION OF A ONE-DIMENSIONAL ARRAY OF WIRES
The magnetic penetration of a one-dimensional array of wires is a dual problem to the electric one discussed in Sec. 2 [10] . Analytical expressions similar to Eqs.
(1)-(2) can be achieved also in this case. The first principles penetration model is based on magnetic multipoles [5, 6] . 
CONCLUSION
We have applied a first principles multipole-based cable braid electromagnetic penetration model to the case of a one-dimensional array of wires. We compared the transfer electric and magnetic parameters from the first principles penetration model to the ones obtained using the analytical method based on a bipolar solution. These results were found in good agreement up to a radius to half spacing ratio of 0.6, which is within the characteristics of many commercial cables. Although this is a preliminary test case (canonical geometry), this favorable comparison indicates that this first-principles multipole model can be used to account for the full dependence on the actual cable geometry, which can thus accommodate cables that may deviate somewhat from standard commercial geometries whose measured properties form the basis of existing semi-empirical models.
